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NtttrMonid fomnila for opttma gat liarrier fiinetioii 
. Field of the inTenfioiL 

Hie present inveatioa pertains to a coinpoaitiaa forindudne a pattern of e«t barrier matondicm 
smdlar to that obsenred ^tb brea^ ferfmg and able to impcove gat banker maliiiation. e g 
during neonatal stress. U particular, th^ present invention lelatea to an infent fennnla containing 
a combmation of specific ingredients designed to provide a ^Qoieigislic efifect all along 
gastrointestinal tract and barrior fimction. 

Backgroiuid of the inventioii 

During the postnatal development, tbe newborn intestine experiences aprocess of manttationfliat 
ends by the establisbaent of a functional barrier to macromolecules and pathogeoic bacteria. 
IMS phenomenon is called gnt closure and appears to be afifected by tbe diet. Hencc^ difierent 
stodies with infants PPGN, 1995. 21: 383-Q and animal models (Pedian Res, 1990. 28: 31-7) 
show that the maturation of tbe barrier is faster in breast-fed flian in formula-fed nevj^orro. Ibis 
could explain the hi^er prevalence of aUergy and infection in in&nts fed feimnla than in those 
&d ^th mother milk. 

An impressive number of different mechanisms integrates this barrier, medisnisms Oat act 
synergicflHy to protect tbe host &om the lununal agressions. The first batti^ conaiste on the 
intestinal epithelium, a continuous monolayer of columnar epilheUal cells sealed together by 
pit-tdn complexes, such as the tight junctions. Tbe second is a non-specific barrier cmnposed by 
mechanisms that protect the mucosal smfece as saliva, gastric acidity, mncus. laj^. proteolytio 
digestion, alkaline intestinal pH, unstirred layer and intestinal peristalsis. Hie gi,timmm»e system 
(GALl) is able to respond selectively and specifically to the foreign molecules and parogen * 
microoi:gauiBms. Finally, and not less important, intestinal flora directly and indirtsctly protect 
against host invasion by pathogens and macromolecules ^th antigenic propeitieii. 
Moieover. physical stress due for instance to anliWother^y, disease or surgery andpsychofegical 
stress induced for instance by hospitalisation or prolonged separation fiom the moth«, common 
situations in the preterm in&nt population,, may inqiair fintfaer the maturation of the intestfand 
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banier md del^ closure. Thwaftw^ niPtoliial flora has shotm to affect the statp^ of v«ious 
m^aiamsmfl of the intestinal banier (mucus layer, tight junctions) «nd both physical and 
psychological stresa have be«» rekted to hiereaaed penneability to macromolecnks, nnall 
solutes andhactena. 

5 

hi the art scvcai mean? havo been proposed to improve gut barrier function or gastrointestinal 
health in in&nts. For example, in US 6132710, purified UctobaclUus saHvarius and 
I^JtobBcilhis plastanim atnuns are administered to preterm infants to prevent injiuy oms^ by 
infection and mflammation to mucosal tissue, especially by nasogastric administration to psrev^ 
10 gastrointesthial tissue injury in neopatal necrotizing enterocolitis. 

Also. IP 5030942 provides a &od and drink" containing active component of milk fit globiUe 
membrane (MF(^. which can control peimeabihty of high molecular substances, such as 
piotein, thronfih mtestine vessel. It is useful for prevention and therapy of food dleigic disease. 



15 



As regards to gut barrier immunity, WO 97^)0078 provides a protdn hydrolyssHe for down- 
regulating hyperaendtivity reactions and for promoting the gut immune banier, which is made by 
hydiolyzing proteins with: (a) enzymes derived ftom a preparation containing probiotic 
gastiointestmal bacteria and (ii) a protease system similar to that of Lactobacillus GG and (b) 
20 pepsm and/or tiypsin. 

Thoughlhose microorganiams or ingredients bring about a great potential of beneficial efiects for 
the tedividual incorporating them, a disadv^tage resides in that said microorganisms or 
ingredients only exert their effect m limited parts of the intestine and on individual mechanisms 
25 of fbs intestinal banier. 

Therefore, an object of the present invention resides in obviating the disadvantages of ttw prior 
art and providing inqiroved means to promote simyltaneous maturation of various mechanisms 
of the gut barrier and this aH along the intestine during fonnula feeding, in order to induce a 
30 pattern of gut banier maturation similar to that observed with breqst-feedmg. 

Summary of the invention 
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DuriBg Hxe studies leading to the pn^sent fnvemicm the present in^entois have realized that the 
above oyeutxnay be solved by providing spefeifipcomWnatum^ of bioactive ingredi^^ that can 
be associated ^ microoiEanians able to deUver at leart one of said ingredients aU along tbe 
5 intestine. 
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mesa q,ecific cembinBtiona of ingredients eon^rise at least one substance ^elected fiom the 
group consisting of milk fiactions, protein hydrolyzate^ ^edfic &ts (gangUoiddas. LC-PUFAs) 
po^rannneStBon-disgestible oligosaccharides. ' 

The specific microorganisms according to the present invention Oat may be used as part of the 
combinations are not meant to survive in the |a8tto.inl»rt«ial tract and colonize it, but rather the 
preseut invention proposes me use of microurgBuisms for delivering said subptancea able to 
nnpiove the gut barrier maturation to q,ecifio parts of the gastro-intestinal tract thereof the 
micmoiganisms differing in their aWUty to survive in Qie diflfe,^ parts of the gastro-intestinal 
tract can be incorporated in a cocfchril. Some of said stibstances can be added to the 
nricroorganism cocktail in order to reinforce fijeu: effects by stimulating the maturation of bairiw 
mechflnisms di£Eerent to those stimulated by the microorganisms. 



' conOrinalions of ingredients could be inphided in prc^temi and starter infent formulas tha^ 
byimprovihgbanier maturation could also tedjice therisk of allergy and infection. 

Thus, accordingto the present im^tion, a nutritional formula designed for improving gut barrier 
maturation and an optimal barrier fonction in infents, comprises one of the above combinations 

ofingcedienls, supplemented in an amount efiBbient to induce a pattern of gut barrier maturation 
similar to that observed vr\Si bnast-fteding. 



A forifaec object of Qie present invention relates to the use of such specific ingredient 
combinations to improve gut barrier maturaiito and barrier function in ir,r^, fevor^le to 
30 inftnt health and tow redu(dng the ri^ofdeveltipingaUergy and infecti^^ 
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a Ihe following d«p,4rti„^ a„ tam "L.^ Mrt waisht (LBW, r , ,, 

37* and 4l« w«k of e««io„ fc« . 
c»b,„sea„sooa,,s«„,^ft,«Zr 

weight siinilar to tiwbirthweirfrt«ffi.ii* ™° ™ 'nfe^t achieves a body 

until 5000 g. mant (2500 g- 4000 g) or for the fcrther weeks 

'^oDyaxfOss, such as fiuota-oKgopaccharides nync^ 
- "^I'UEA,BttchasarachidonioaddfAA^n,^„ 




lo milk, and/or 
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- Milk or colostrum fractionB, such as acid, raimet or micellar casein, add, sweet or 
ultra whey; &t globules mraibraiies and the likOi and/or 

r Extensive ba^lyaed protein, such as those obtained firan whey pyotein hydrolysis, 
and/or 

- Folyamines such as spermine or spennidine and/or 

- Microorganisms. 



Preferably, non-digestible oaxbolq^tes maybe selected in the groiq) of fiurto-oligosaccharides, 
gabictoHjligosaocharides, aialo-oligosaccharides, xylo-oligosaccharides, iimlin, arabio gum, guar 
10 gum, resistant starch and/or milk-drnved oUgosajccharides and be added to ihe miciDorganism 
cocktail. Que or more of these can be used hi the total dose^ of ftom about 0.01 to 5 g/l 00 ml, 
and prefiaably 1-2 g^lOO ml. A mixtiite of two or more carbohydrates may be nsed, each 
carbohydrate ranging between the 5% to 95% of tbe carbohydrate mixture. 

15 FntSaxbly, puticiiLaT lipids may be «sed. For inBtsace, an effective anxoimt of at least one n-6 
pobrunsBturated fetty acid in camUnaticni wth at lea^ one ^-3 polyunsaturated fatty acid, such as 
CZO or C22 n-^ fitty add and one C220 or C22 n-3 fefly acid. The C320 or CZ2, n-6 &tty acid is 
present in a total amount of about 0.01 to $.0% by weight of all fatty adds in the composition, 
preferably in a total amaant of 0.1 to 1%. The C20 or C22 n-3 fetty acid is included in a total 

20 amount of about 0.01 to about 6.0% by weight of aU fitty acids in the con^osition, preferably in 
a total amoiunt of 0.1 to 1%. Preferably, the n-6 polyunsalurated fetty add used in the present 
invention is aiadiidonio add CAA. C320:4 n-6) and the n-3 polyunsaturated fetty add used in the 
present mvention is docosahescanoio acid (DHA, C22:6, n-3). The effective AA: DHA. ratio is 
about 1; 1 to 2.5: 1, and preferably 1: 1 to 2: 1. The source of the LC-PUFAmaybe egg lipids, 

25 :{ui]gal oil, low BPA fish oil, algal oil, etc 

GangBopidfip, a second class of Hpids, may also |ib added to the combination of ingredients, for 
example in an amount of fiom about 1-20 niic»Mol/L formula, and preferably 6-15 microMoWL. 
The source of gangUosldes may be cows mill^ cows colostrum, but preferably buffelo mift^ 
30 buffelo milk serum, buSalo colostrum, buffelo colostrum senun and/or derivatives of diher. 

Tbe cambination may also contahi poiyaomies, in particular speraudine, spemune, or putrescine 
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c*v™». I^ly ft. eo.,„orite. «»pri«. 10.SW4 of spenato ia^o« of 
P.=*r-..y, num fracdc™ » ^) n.^ ». in th, ton ,f a. glotale 

rrr "^"^ " "^"^ 

hysob^te. ftr exanpfe aa b. «=d m « m„« cf abou. o 01 to 7 Wloo .,,7 , 
0n4pieftKbIjr0.5.3ea0Oml to 7 « /IMnlfcmiqli. 

^^»to^ 3^ ^ „ ^ ^ 

imcroQzsaxiisms as delivermg agents. 

»a»toac« ta„ ft. ^ ^ ^ ^^^^ 

Po.y=»m.^ ftrti^ 

Iia«tlicpoiraiialtoreter.ft.iiiuciBlwintogd^, stows art 

" to ft* ^ 

«*^)«.sp«m..™-i»offt.g^....«^^^,^,^^J^J^ 
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rntr=^Ctaft.con.,,.y..cc.^totop.cs«.ta^ 

pretreatment 

■ 

15 ™1hlJiocoBteiitofto»iil»t>noeofiBl.TOtb*>6byandIaiBek^ 

«».ft.»loe«oo.oo^ or by inserting or g«»»c.dtogtos,*sta^^^ 

imon».gmImwfflcoiilaiBHglieramouiibofa»aes^ 

0 ddn«y b™g *. «o„,dv auod««m, ft, j^j^um. ft= Ucum „ ft. coI». B» 
mi^por^ to b. «M«li„ft,p^ 

I««*»lb, aSdob^toda, Sk^toc^d, P.di««^ a««,c„cd, I^tococci. 0™,cocci, 
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P.O.B«407.DK-»70Ho«d»ta,DZJ^ ^ ^^"^•'^"^'"'^^ 

Once a =a™,r8™im la, „^ ^ cptkolfyprrt^ ^ „. 

«aKe contaniBd mttie respective miaoorganians. 

The qbove ingredients aie coijvenieiifly *taimste«d in &nn nf » . 

consumer, such as m ingestablB " °f * P^'duct acceptable to the 

compositions are nnlk, yogurt, curd. ^ -Non-bmitrng «arnpies for s^ch 

20 ThanutritioiialcoinpositionsaioprafeBblyinfliBfbTmnf 

^ see ^ ^^Z^ ^"^'^''"''^^'^-^^ 
■»i«»a «Kl tac cl™«,. However ttZIT^ , """'^ """^ 

in the fonn of a 

25 ^«P"fen«<l«nhodimenlitbepi,^entmv^onwovid« , 

combinatiozx of speeifc ntgradients « «ontio«Jr^ "'"^ ""^'^^ 

andasot^cooflipids. ^ -axbohydtate source. 

30 ^^^"""^-fprot^mayboarLysuitd^ledietpxyproteinjf^ , 

™ mixtures office an^otrrtin T". '"^ " 

«™i °'«»«»tmafaoB thereof AfiJkproteips such as casein. 
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fcmml. inphte . « ^ a, fi. ,rrfta*Iy presto a^,^ sy. „ about 55% of 

^.00^ .f it. ^ «*„b^ r^^.^^^ 

*-*m™i f d«i„* fi„ «^..^e acid ^ of 

™.fi™«l.fep,^,^.,taa«i«r*..; *T«-opl,tafl„ftm.of .po,^. aB^id 
or a « -ay be p,^a„. ^ ^^'^^ 

^ n*™u b. « bo. aro ^ ^ ^ 

*8n>d«».a A.«r 1^. ^...^ 

»o« p„„ „ bl»»«ng. Wa*, pr^^b-w-ar wMch ha, beea aubfecad u. rav«a oa„o^. 

a.«=mpa«o«o,«„wa,ariaaoava,aectt; 
-«».50^..bo«««,.„,,ddi^^<,fU.^^^. CWao^aa^avaaablaZ^ 

«^b.»a4*.a^«„U^^ ^»^"U«-is*«hon«,s«^ftraj;.ai„ 



30 



U*^n»to™5,ba^dlyh«ted.o..emp«ato=mfl,anfflgo of about 80-C»abo«JS0"C 
ftr*o«5..co„da*.*.«5r^. «a:^ybaca.,iad.u.bya.aami.tfec,io,. autoolavo™. 

l^rtaal.xcl»«e.:ibr.«.^.,tat.h=a«dmg«.Thali^,d«^ 
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about eo^'C to about SS^C- for «vei«»»i» t. « . 

mixnne to xaisB the temperature to about 140 to 16Q»r«. 
W ««mp.ra«etfiba*73toS5.0I1»/ ^ ''*'°*"°'^*''' 

■"-^ •«»«^. ft^ J 
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may be decxeased accordingly. -»-*"iu6i«reii aaiiy 

Tie followliiencm-liniiting emi^Ies Werilh^ 

Bxaniple 1; rotmula for low-birliirweigiit Infants 

B lac« (fte^ 5x»«B>2«fh/g) 0.156 Sp«,Sp^. ^ „„j „ 

Sodiim ISO mg, Potaniinn S30 Bw (-9itf.rf.i. 'iM _ «. ^ u'v u-'mg. 

™»^330iiig,au<rid«2MmftPIiM5lKms320B,g.CiUidum4^^^ 

0.37 mg. N«™ 4.9 F.HC «d 290 ^ P».ft^ ^ 2j ^ 3 ,2 

fi& Coiiper 0.44 and ^nc 3,7 mg. 

m ^^^^ ^ ^ 

Example 2 : starter formal^ 

«,«o™« ,^ ,00 g Of pow..,: ft. 25.8 ^ ^ , 

P^. ^«,2^g, „.xg. so*™, 120 ^ P„^ 460 ^ oaorfae 3«0 ^ 1^ 

^Oro V^B « W Vi.»i„ c 41 VitataKl 42 ,6 V^Bl 0.31 n.^ « 
B2 0.69 Vl,»ia B« OJS NUdn 3.8 «^ ^,Hc .cid 46 Kg. ^ ^.3 ^ 
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ing,Iwn«.i=iE.Ibda«25w.CoppetOJl=,ga»lzine3.8n>g. 
EMnnpIe 3: starter infant formnla 
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Claims 



1. A imWtioiialcomposilicm intended fi»in,i^ 

optimal banier ilmction in infenl^ c^omprises a combination of a least one substance 
selected fiom die group consisting of mift fiactions, protein hydrolyzates, specific fets, 
polyamlnes or non disge^-ble oUgwaediarides, in an amoimt efficient to induce a 
pattern of gi»tbanler maturation similar to liwt observed with breast-feeding. 

2. A composition accorfling to claim 1, wherein at least one of said substances is associated 
with microorganism as deUvering agent, in particular LactobacilK, Bifidobacteria, 
Streptococci, Pediococci, Siterococci, Lactococci. Oenococci, 3tiq,hylococci. 
Bacteroides, or mixtures 4iareo£ 

3. A con^iosition according to claim 2, wh^ the micrcoiganism is B^dobacterium 
CNCM 1-2170, B^dobacterttan CNC3M 1-2168, Bifi4obacterium CNCM 1-2169 
Lactobauabv, Johnstmii OiCM. 1-1225, Lactobacillus paracasei C3NCM I-2llff 
Bm>bactenwn lacHs ATCC 27536, Sfnptococc^s tkermophilus (Chr. Hansen) or 
mixtures Oiereof 

4. A co]iq,ositbn according to any of preceding claims, wherein the composition is m the 
form of a product accqrtable to Ae consumer, such as an ingestable carrier or support, 
such carriers or supports being a pharmaceutical or a jfood or petfood composilion. 

5. A conqiosition according to any preceding claims, wherein the coiiposition ip in the 
ftum of a cQoqiiete diet a si^lement or amedicament 



6. 



A con^>osition according to any preceding claims, wherein the composition is a low birth 
weight or a starter infent formula. 



7; UseofaoombinatioaofaleastonesubstanceselBctedWthegrotqi consisting of milk 
feictioiis. protein hydrolyzates, specific fets, polyamines or non digestible 
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oHgos™.3,&r.iep^a«ti««pfacompositionint«^edforix,^ 
inatiitation and banier fimction. particubrly in iafents, 

fiacuons proton hydrolj^tes. ^ecifie fi^ polyan^es or non digestible 
oligosacchaudea, for the p«p«ation of a composition intended ibr rf^k of 

developing aUetgjr and infection. 



9. 



U,eofacon*inationofalea6tone^b3tanc.s«lec*edfiomthegr.u^ 
^t.ons protein h^l^^ specific ^ poises or non disgestible 
obgosaccl«.de«. the preparation of a con^odtion intended Ibr improving the gut 
lamethoniecMtaiis dqiiiig to aneHtagporiod. 



Mdofc«.d., s.,=p»co«i. Pedlccocd, En.«„cd. I,«,„e«^ 

mCM IO.70, Mm>,a^ caw 1.2.68. 
Mils. iliffdl*B«*„„,^AT(X! 27536, 4*,,^^ 

Blq. Of .dnU»l««ine to to i,„Svid»a . con*^ 
»g»d«o. to g™^ o,.ri«bg .f ^ S„H^^ 

spedflc tta. pobrato^ ™ «.,«ato digo«u»toria« in ^ „c»«,t rfEdont to 
»P«am of S„. „«h„«i„ dmite » tot observed Witt i™^ 

13. A m«fco4 «»»„dlng to data 10, wtar*. a. to«t ^^.^^^ ^ 

"witii mittoorganism as delivering agent 
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Abstract 

Nutrttlinial fomnla Itor optUnal gut bariierlAuietioa 



•me present inventiwi p«tains to a ccHi.poaiti6a.ibr inducing a pattern of gut bairier matpration 
similar to that observed xrith b«asl>.fee«Jing and able to improvo got bairier maturation, e g 
daring neonatal stmsa. la particular, ibo present invention relates to an infent fonnnla containing 
a combination of specific ingredients designed to provide a synergiBtio effect all along 
gastiomtestinal tract and bander fiinctioiL 
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